I. INTRODUCTION
Annually, the European Union spends around €55 billion on the Common Agricultural Policy (CAP), with the aim of supporting farmers' income and producing agricultural public goods like landscape and a clean environment. The majority of the CAP subsidies are disbursed in the form of decoupled direct payments, the so-called single payment scheme (SPS), which are not linked to current or future production but depend solely on past production levels. The SPS accounts for more than 50% of the annual CAP expenditures.
Farm income effects of agricultural policy, which Alston and James (2002) refer to as the "incidence of agricultural policy," have been studied extensively in the theoretical literature. Alston and James (2002) , de Gorter and Meilke (1989) , Dewbre, Anton, and Thompson (2001) , Gardner (1983) , and Guyomard, Le Mouël, and Gohin (2004) have analyzed how income distributional effects differ between subsidy types, specifically, coupled ver- Desquilbet and Guyomard (2002) and Sheldon, Pick, and McCorriston (2001) have analyzed how income distributional effects differ between the agents along the vertical chain. McCorriston and Sheldon (1991) , Salhofer and Schmid (2004) , and Swinnen (2006, 2009) have analyzed how income distributional effects depend on output and input market imperfections and transaction costs. Finally, de Gorter (1992) and Munk (1994) have analyzed how they depend on policy implementation details.
The overall finding of the empirical literature is that not only farmers but also landowners benefit from agricultural subsidies. According to Goodwin, Mishra, and OrtaloMagné (2003) , Weersink et al. (1999) , Lence and Mishra (2003) , Roberts, Kirwan, and Hopkins (2003) , Kirwan (2009) , Ciaian and Kancs (2012) , Barnard et al. (1997) , and Patton et al. (2008) , the capitalization rate of coupled subsidies into land values varies between 20% and 100%, whereas the capitalization rate of decoupled subsidies is usually found to be lower, namely, between 20% and 80%.
Most of the existing empirical studies are on North America (the United States and Canada); only a few cover the European Union (Patton et al. 2008; Breustedt and Habermann 2011; Ciaian and Kancs 2012) . In contrast to other types of farm subsidies, the empirical evidence on the SPS capitalization in the European Union is very limited. Kilian et al. (2012) study the capitalization of the SPS in Bavaria in Germany and find that the SPS is capitalized by an additional 15% to 19% on top of the previous coupled subsidies. How-ever, Kilian et al. (2012) use traditional estimation techniques (ordinary least squares and instrumental variable estimators) and only cross-section data (2005, which is the first year of the SPS implementation). Thus, they are not able to control for several key econometric issues, such as endogeneity, general equilibrium effects, and selection bias, implying that their estimates might be biased.
Our main contribution to the literature is to provide the first estimates of the SPS capitalization rate into farmland rental prices in the European Union. First, we discuss theoretically how the SPS may affect land rents. In order to test the theoretical predictions empirically, we employ the generalized propensity score (GPS) matching approach of Hirano and Imbens (2004) , which allows us to address several important sources of bias, from which previous studies suffer. In particular, by employing the GPS matching approach we are able to address the selection bias, the simultaneity bias, the general equilibrium effects, and possible misspecification of the functional form. In addition, this technique allows us to estimate the policy incidence for different SPS levels and, hence, to obtain more reliable estimates of variation in the SPS capitalization rates.
II. SPS IN THE EUROPEAN UNION
Under the Word Trade Organization (WTO) rules, the decoupled subsidies (referred to as Green Box measures), which do not distort production or at most cause minimal distortion, are allowed without limits, whereas the coupled subsidies, which are production distorting (referred to as Amber Box measures), are subject to displacement (WTO 2003) . In response to pressure from the WTO, which claimed that the European Union was providing an unfair competitive advantage by supporting its agricultural sector, the CAP was significantly reformed in 2003. The previous CAP subsidy system (Agenda 2000) , based on coupled area and animal payments, was replaced by the decoupled SPS starting from 2005. The aim was to shift agricultural support toward nondistortive polices. The SPS is allocated as a fixed set of payments per farm independent of production level. Farms are entitled to yearly payments, depending on the amount of the SPS entitlements and the eligible area of land.
When implementing the SPS, the E.U. member states could choose between three different SPS implementation models: the historical model, the regional model, and the hybrid model. Under the historical model, the SPS is farm specific and equals the support the farm has received in the "reference" period. Under the regional model, an equal per hectare payment is granted to all farms in a given region. The hybrid model is a combination of the historical and regional models and has two versions: static and dynamic. The key difference between the three models is in the unit value of entitlements: under the historical and hybrid models, the value of entitlement varies between farms (stronger in the former than in the latter), whereas under the regional SPS model, all farms in a given region received entitlements with the same unit value. The main source of variation is the past (production) coupled subsidies, which determine the SPS value at farm level fully in the historical model and partially in the hybrid model. The most commonly implemented SPS model in the European Union is the historical model, 1 whereas none of the studied member states implemented the regional model. This has important implications for econometric estimations, suggesting that farm-level data may provide sufficient variation to identify differences in the unit value of the SPS among farms.
In the first year of the SPS implementation (2005 or 2006 , depending on the country), 2 1 In 2007 the historical model was implemented in Austria, Belgium, France, Greece, Ireland, Italy, the Netherlands, Portugal, and Spain; the regional model in Malta and Slovenia; the static hybrid in Denmark, Luxembourg, and Sweden; the dynamic hybrid in Finland and Germany; and a mixed system of historical and hybrid models in the United Kingdom. Those member states implementing the dynamic hybrid model move gradually to a fully regional model. In member states implementing the static hybrid model, the regional and the historical shares do not change over time (European Commission 2007) .
2 Member states could choose to introduce the SPS either in 2005 or in 2006. The data used in this paper covers the period before and after the introduction of SPS in all the original 15 member states (EU-15). The EU-15 include Austria, Belgium, Denmark, Finland, France, Germany, Greece, each farm was allocated a fixed amount of the SPS entitlements. Farms can activate the entitlements and receive the SPS if they are accompanied by an equal area of eligible land. 3 This implies that the SPS is indirectly linked to land because, in the absence of land, farms cannot activate (cash in) the SPS entitlements. However, the SPS is not linked to a specific land area-the SPS entitlements can be activated by any eligible farmland in the region. Furthermore, farms can expand or decrease their stock of entitlements by buying or selling entitlements on the market from other farms.
Farm eligibility to the SPS is subject to cross-compliance. Each farm that receives the SPS must comply with the statutory management requirements (SMR) and maintain the agricultural land in good agricultural and environmental condition (GAEC). The SMR are based on preexisting E.U. directives and regulations in the fields of the environment; public, animal, and plant health; and animal welfare. The aim of the GAEC is to prevent the abandonment and severe undermanagement of agricultural land.
III. THE IMPACT OF THE SPS ON FARMLAND RENTS: A THEORETICAL PERSPECTIVE

Factors Influencing the SPS Capitalization Level
According to theoretical studies, the key factors determining the level of capitalization of SPS into land values are the allocated stock of entitlements, type of SPS model, and crosscompliance costs. Capitalization might be also impacted by rigidities and region-specific factors, such as credit market imperfections, Ireland, Italy, Luxemburg, the Netherlands, Portugal, Spain, Sweden, and United Kingdom. 3 This setting makes the SPS a different type of subsidy compared to the coupled area payment implemented prior to the SPS introduction. Under the coupled area payment, farms receive payments for the entire area they use for eligible crops, whereas with the SPS only a predefined quantity of land (determined by the number of entitlements) may obtain payments. Further, the value of coupled area payment does not vary by farm. All farms receive the same value of payment for a given eligible crop in a given region. social capital, and formal and informal land institutions (Courleux et al. 2008; Kilian and Salhofer 2008; Swinnen 2008, 2010) .
To illustrate the SPS capitalization, we use the model of Ciaian and Swinnen (2006) and Ciaian, Kancs, and Swinnen (2008) . Agricultural goods are produced by two types of farms, 4 which permit the SPS variation across farms to be accounted for. The total agricultural land (A T ) is assumed to be owned by landowners, who rent it to farmers. 5 The land market is illustrated in Figure 1 . The horizontal axis shows the quantity of land, and the amount of land rented by farm 1 (A 1 ) is shown from the left to right on the horizontal axis, whereas the amount of land rented by farm 2 (A 2 ) is shown from the right to left with A 2 = A T − A 1 . The vertical axis measures the rental price and subsidies. The initial land demands of farm 1 and farm 2 are given by downward sloping curves D 1 and D 2 , respectively. Without the SPS, the equilibrium set of land allocation and land rent is (A * , w * ). In equilibrium, farm 1 rents A * ha of land (A 1 = A * ) and farm 2 rents A 2 = A T − A * ha of land.
Denote the endowment of the SPS entitlements of type 1 owned by farm 1 by , and 1 A E its unit face value by t 1 . Analogously, 2 A E ( = A T − A E ) is the endowment of entitlements of type 2 owned by farm 2, and t 2 is its unit face value (Figure 1 ). The total endowment of entitlements, , may or may not exceed A A E E farm 2, respectively. 7 In this case, farm i's willingness to pay for land is not affected by the SPS. For additional land farm i cannot pay more than the marginal profitability of land. In the reverse case, when farm i rents less land than its eligible area , the marginal profiti A E ability of land is increased by the value of entitlement, t i . Now farms are willing to pay a higher rent, up to t i . Otherwise, the payment is lost to farms. Graphically, the introduction of the SPS is illustrated in Figure 1 . Starting from the left-hand side and following the bold full lines, the land demand with SPS is given 7 A E is used as support to indicate on the horizontal axes the stock of type 2 entitlements given that the area and entitlements of farm 2 are measured from right to left in the figures.
by and for farms 1 and 2, re-
spectively. 8
Land Entitlements
According to Courleux et al. (2008) , Kilian and Salhofer (2008) , and Ciaian, Kancs, and Swinnen (2008) , the capitalization rate of the SPS largely depends on the ratio of the eligible area to the total number of entitlements. In the case of deficit entitlements relative to the eligible area the SPS benefits farms, it is not capitalized into land values. However, if there is a surplus in entitlements, then the SPS is capitalized into land values. For the sake of tractability, we illustrate the two extreme that the SPS is reflected in higher rents. Hence, under the excess stock of entitlements, the SPS is capitalized into land rents. The main intuition behind these results is that, in the presence of surplus entitlements, farms will not be able to activate all their entitlements with the current area of land. Profitmaximizing farms will compete for additional land, seeking to activate their unused entitlements. Competing farms will overbid the market price for land until it equals the marginal profitability and the entitlement value. As a result, the SPS will be capitalized into land rents. The effect of competitive pressure in the case of deficit entitlement is the reverse. If land is in surplus relative to entitlements, farmers will compete for entitlements to benefit from the SPS. As illustrated in Figure 1 , the SPS will benefit the entitlement owners, but will not be reflected in higher land rental prices.
SPS Implementation Model
Theoretical studies have shown that the SPS capitalization level depends significantly on the SPS implementation model (i.e., on the variability of entitlement value between farms): the larger the SPS variation between farms (i.e., historical vs. hybrid SPS model), the lower the capitalization rate of the SPS may be (Courleux et al. 2008; Kilian and Salhofer 2008; Ciaian, Kancs, and Swinnen 2008) .
Consider the hybrid/historical SPS models. Under these models entitlement face values differ between farms, t 1 ≠ t 2 , where t 1 > t 2 . As illustrated in Figure 2 , for surplus entitlements the equilibrium capitalization with t 1 and t 2 is . High-value entitlement, t 1 * * w − w t ( > t 2 ), is partly reflected in higher rents ( ), whereas low-value entitle- * * 1 w − w < t t ment, t 2 , is fully incorporated into land values ( ). The capitalization level of the * * 2 w − w = t t SPS, expressed in monetary terms, , * * w − w t is equal for both entitlements. However, the capitalization rate, expressed per unit of the SPS, is lower for high-value entitlements. This is because the low-value entitlements determine the SPS capitalization. In equilibrium all farms will pay a rent higher by the value of low-value entitlements, although the willingness to pay for land is higher for farms possessing high-value entitlements compared to farms possessing low-value entitlements. The competition for land will lead to a situation where farms with high-value entitlements will always outcompete farms owning lowvalue entitlements. In equilibrium it is sufficient for farms owning high-value entitlements to pay a rent higher by the value of low-value entitlements, as this is the maximum afforded by and minimum needed to outcompete farms possessing low-value entitlements. Hence, farms owning low-value entitlements will use fully their entitlement to compete for land, and thus the low-value entitlements determine the SPS capitalization at the margin.
Reducing the variation in the entitlement value across farms, the value of low-value entitlement increases, causing higher SPS capitalization. In the extreme with the regional SPS model, where entitlement values are equal across all farms, the capitalization is highest. For illustrative purpose consider entitlements t 1 and , where t 1 = . Land de- 
equalization of entitlement face value rips away the policy gains of farms possessing high-value entitlements, and full SPS value goes to landowners. This implies that the hybrid SPS model leads to higher capitalization than the historical models, as the variation in entitlement value is lower in the former compared to the latter.
Cross-compliance
According to Ciaian, Kancs, and Swinnen (2010) , a further important determinant of SPS capitalization is the conditionality of the SPS. In the European Union, farm eligibility for the SPS is subject to cross-compliance. Given that the cross-compliance requirements impose additional costs to land use, the net effect of the SPS on rental prices is expected to be lower than in the absence of these implementation requirements. In other words, farms' marginal return from land is reduced by cross-compliance costs, which reduces the willingness to pay for rent, causing a downward adjustment in land rents. In Figure 3 , with surplus entitlements t 1 and t 2 , positive cross-compliance costs, c, shift the land demand curves downward from and Given that the entire cultivated area of land receiving the SPS must respect the cross-compliance regulations irrespective of whether all or part of the SPS entitlements are activated and irrespective of whether all or part of the land is used for the activation of entitlements (EUR-Lex 2003) , cross-compliance costs, c, are linked to land, not to entitlements. As a result cross-compliance costs result in a downward shift of land demand functions. land rent drops from w * to , relative to zero * w c cross-compliance costs and deficit entitlements, and relative to a situation without the SPS. Hence, cross-compliance costs lead to negative capitalization of the SPS.
Region-Specific Factors
Further important factors that impact the actual SPS capitalization include various rigidities and region-specific aspects, such as credit market imperfections, social capital, and formal and informal land market institutions (Patterson, Hanson, and Robison 1998; Robison, Myers, and Siles 2002; Rainey et al. 2005; Siles et al. 2000; Tsoodle, Golden, and Featherstone 2006; Ciaian, Kancs, and Swinnen 2010) . These factors may play a prominent role in determining the functioning of rental markets, as a result of which competitive pressures might be distorted or/and might not take full and immediate effect in such a setting (Gardner 2002) . Moreover, regional variation in formal and informal land market institutions may lead to rental rates in differ-ent regions responding differently to the SPS. The exact impact depends on particularities of the formal/informal land market institutions and market imperfections, and on how they interact with land markets in general and with the SPS in particular. For example, studies for the United States show that social capital is a pivotal factor for the rural land market, influencing the type of transactions (e.g., Patterson, Hanson, and Robison 1998; Rainey et al. 2005) , the price of the land (Robison, Myers, and Siles 2002) , and the partners involved in the transaction (Siles et al. 2000) . In many regions land transactions depend on the relationship between the parties (e.g., between landlord and tenants) involved and occur mainly between relatives or neighbors (Patterson, Hanson, and Robison 1998; Siles et al. 2000) . According to estimates from the literature, this group may receive a rebate on the land price ranging from 10% (Robison, Myers, and Siles 2002) to 43% (Tsoodle, Golden, and Featherstone 2006) , compared to competitive markets. According to Tsoodle, Golden, and Featherstone (2006) , the influence of social capital has increased over recent years.
A key implication of these considerations for our analysis may be a more sluggish adjustment of land rents to the SPS. In addition, land rental prices may be more determined by the regional factors rather than by aggregate and/or external drivers. Furthermore, either rental market arrangements, which involve rental price controls (minimum or maximum prices) 11 or formal and/or informal provisions on the duration of rental contracts 12 (Ciaian, Kancs, and Swinnen 2010) , may also lower the capitalization rates compared to prefect land markets.
11 Land market regulations in the European Union vary strongly among member states. Of particular importance for the SPS capitalization is the maximum price intervention (Ciaian, Kancs, and Swinnen 2010) .
12 According to Ciaian, Kancs, and Swinnen (2010) , the key determinants of rental contract durations in the European Union are social norms (e.g., in Greece), governmental regulations (e.g., there is a minimum of 9 years in Belgium and France, 6 years in the Netherlands and 5 in Spain), and market institutions (e.g., Germany, Italy, Sweden). Moreover, in several countries (e.g., France) even the renewal of rental contracts is regulated.
With regulated land prices, long-term rental contracts, and informal relationships, one may not observe full capitalization of subsidies into land values in the short run. This effect is illustrated in Figure 2 , where the equilibrium rent with the SPS (with entitlements t 1 and t 2 ) is . If the rental price can- * w t not adjust, for example, due to land market rigidities, then the actual rent that farms pay will be lower. In Figure 2 the actual rent will lie between and , depending on the ri- * * w w t gidity of land markets. This implies that the SPS capitalization rate will be lower with market rigidities than without, at least in the short run (i.e., it will be lower than ). * * w − w t However, in the long run, competitive pressures will tend to push adjustment of rents upward to with the renewal of rental con- * w t tracts.
On the one hand, according to Ciaian and Swinnen (2009) , subsidies may be capitalized at a higher rate than in a perfectly competitive market, if farmers are credit constrained. Subsidies may be substituted for missing finance, if farms are credit constrained, leading to higher input use and, hence, higher land productivity and enhanced SPS capitalization into land rents. In our model, the credit constraint effect is reflected in an upward shift in land demands. To simplify the explanation, in Figure 2 we assume that only farm 2 is credit constrained. Farm 1 is assumed not to be credit constrained, hence its land demand is not affected. The SPS with surplus entitlements has two effects on land rents in the presence of credit market imperfections: one direct and one indirect. The direct effect of the SPS is shown in the previous section in the absence of credit market imperfections and is equal to a rental price increase of .
The indirect effect results from the relaxed credit constraint of farm 2, which due to the SPS allows the financing of higher input use and/or improvement of its technology. This increases the productivity of the land, which further increases the land demand of farm 2, resulting in higher rent, which reinforces the direct effect. The indirect credit constraint effect results in a shift in land demands from to (dotted lines), for farm 2. 
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pared to perfect credit markets, the SPS cap-italization into land rents has increased by . The credit constraint effect de- * * w − w tcc t pends on the size of the credit constraint. The more credit constrained farms are, the larger the productivity effect, and hence the higher the capitalization of the SPS. 13
General Equilibrium Effects
Another important theoretical result is that in a given region, rents of all farms (including those that do not receive the SPS) are affected by the SPS (general equilibrium effect). The SPS capitalization is a result of competitive pressures among farms, where the land market equilibrium is reached by adjustment in land use and land rental price. Land use adjustment to the SPS is a farm-specific effect, reflecting variation in farm productivity (land demand elasticity) and the SPS entitlement allocation across farms. Land rents adjust equally to all farms in absolute terms, and the size depends on the SPS impact on marginal returns to land. For example, we have shown that under the surplus entitlements t 1 and t 2 , the equilibrium land rent shifts from to ( Figure 2 ). The * * w w t land rent rises by the same amount ( ) for both farms, although the SPS * * w − w t value varies between farms, .
Differences in Capitalization between the SPS and the Previous CAP Subsidy System
Prior to the introduction of the SPS in 2005/2006, E.U. farms received coupled subsidies. To compare the impact of the SPS with the previous subsidy system, we consider coupled area payments, which represented around 70% of all direct payments before the introduction of the SPS in the European Union. Area payments include, for example, payments for cereals, oilseeds and protein crops, rice, set-aside payments, and so forth. In general, they are land-based subsidies linked to the cultivation of certain crops (Dewbre, Anton, and Thompson 2001; Kilian et al. 2012) . The value of area-based direct payment does not depend on the production level, but on the area cultivated with the eligible crops and, hence, can be modeled as area subsidy, s. There are no entitlements associated with this subsidy scheme, and all farms receive the same value of subsidy. Given that there are no entitlements associated with area paymentsall farms receive the same value of the subsidy and all eligible land can benefit from themtheir impact on land rents is similar to the case of the region's SPS model with surplus entitlements. This implies that, for an equivalent value of area payment, the capitalization rate of area payment is equal to or higher than the capitalization rate of the SPS (Courleux et al. 2008; Kilian et al. 2012 ). In Figure 3 we illustrate the difference in capitalization rates between the two subsidy systems for surplus entitlements. As shown above, the land market equilibrium with entitlements t 1 and t 2 is ( , ), implying that the capitalization of * difference increases in the variation of the face value of entitlements (i.e., under historical and hybrid SPS models). In the case of deficit entitlements, we have shown that the capitalization of the SPS is zero, implying that in this case, area payments also result in higher capitalization. Only with an equal face value of entitlements across farms (i.e., regional model) and surplus entitlements may the SPS result in the same capitalization level as the coupled area payment, as both lead to full capitalization. However, the regional model is not implemented by any of the studied member states. These results imply that the CAP shift from coupled area payments to the SPS (as observed in empirical analysis, as discussed in a later section) will result in a decapitalization of the previous subsidy system, if indeed in 14 The equivalent value in terms of the same value of weighted average of SPS, that is,
t reality the payments are incorporated in higher land values.
IV. ECONOMETRIC APPROACH Estimation Issues
The empirical estimation of the SPS capitalization is complex due to a number of estimation issues: selection bias, simultaneity bias, and general equilibrium effects. The theoretical results suggest that the rental price adjustments are determined by the overall marginal change, but not by farm-specific marginal changes in subsidies, implying that the farmland rental prices respond to policy changes at the same rate for all farms in a given region (general equilibrium effects) (Courleux et al. 2008; Kilian and Salhofer 2008; Swinnen 2008, 2010) . Even those farms that did not receive the SPS may face upward adjustments in the farmland rental price.
The simultaneity between the SPS and land rents may cause an endogeneity issue. The SPS is not assigned randomly to farms but is endogenous, because it depends on regionand farm-specific productivity levels. Farms located in regions that are more productive received higher coupled subsidies than farms located in less productive regions. The allocation of the (decoupled) SPS is based on the values of coupled subsidies in the past. Under the historical model, the value of the SPS was set to the value of the coupled animal and crop subsidies that farms received in [2000] [2001] [2002] . Under the hybrid model, the SPS consists of a historical component (as in the historical model) and a regional component, which is positively correlated with regional productivities. This implies that regions that are more productive receive a higher SPS per hectare and, at the same time, are also likely to have higher rental prices. Given that the SPS and the land rental price simultaneously determine each other, in standard regressions the positive relationship between the SPS and the rental price would yield biased estimates.
The estimation of the SPS may suffer from selection bias, as farms' past production structure determined the level of coupled subsidies in the past and, hence, determines the current SPS level. 15 Farms that produced more supported commodities receive a higher value of the SPS per hectare, whereas farms that produced less supported commodities received a lower value of the SPS per hectare. Given that the choice of production structure was not random but dependent on farm characteristics (e.g., productivity, managerial skills), indirectly, farms may have selected themselves into a given level of the SPS intensity (selfselection bias). Another important source of selection bias is nonrandomness of nonparticipation in the SPS. It can be shown that if background characteristics (covariate averages) of farms that received the SPS (independent of the level of the SPS intensity) are very different compared to the control group, then using the traditional regression methods (e.g., a common effect model) for estimating the average treatment effects (ATE) of the SPS would yield biased results. For example, in a common effect model (Y = aX + bt + v), where the effects of the intervention are estimated via coefficient b (constant across X), bias for the ATE parameter (E (Y 1 − Y 0 )⎪X) arises from the fact that the error term does not have conditional mean zero (Todd 2008) .
The standard estimation approaches can only partially address the econometric issues identified above. For example, the endogeneity issue can be reduced by using instrumental variables (IV) estimators or the dynamic panel data approach (e.g., Kilian et al. 2012) . However, the results using these estimators are susceptible to identification of appropriate instruments and dynamic model specification, respectively. The selection bias can be tackled by employing the Heckman two-step procedure. However, it imposes a nontrivial structure on the estimable model. In addition, because of insufficient variation in changes of the rental rates among farms, the traditional estimation methods are not able to capture the general equilibrium effect. Only part of the marginal effects (marginal capitalization), which differs from the general equilibrium effect and is farm-specific, can be identified. For this reason, the SPS effect will be underestimated in standard regression analysis.
Addressing Estimation Issues with the GPS Estimator 16
In order to address the above estimation issues, in the present study we employ the GPS matching estimator of Hirano and Imbens (2004) . The GPS is particularly well suited in situations where the probability of receiving a given level (intensity) of support depends on the distribution of farm-and region-specific characteristics. As noted above, this is the case of the SPS, which is endogenous with respect to farm productivity, past coupled subsidies, farm characteristics, and regional characteristics, implying that some farms are more likely to receive a higher level of the SPS than others are. In the GPS, this endogeneity problem can be addressed by including past subsidies as well as output/productivity-related variables as additional covariates in the estimation approach (Section V).
Second, the GPS allows us to identify the general equilibrium effects of the SPS on land rents (i.e., including the level of rental prices of farms that were not directly supported). In order to estimate the SPS capitalization for different SPS intensity levels (and to control for the general equilibrium effect) (Section III), we divide the whole sample into several subsamples according to the SPS intensity levels.
Third, given that the SPS is a continuous variable, application of a binary propensity score matching estimator would be inefficient from the data use perspective. The SPS embraces almost all farms, and information about nonparticipants is scarce, implying that the identification of the capitalization rate would be problematic, because the control farms with zero support are rather few relative to the supported farms. 17 Finally, in the context of the present study, an essential advantage of the GPS is that it eliminates (or at least substantially reduces) selection bias and allows us to estimate not only the average capitalization rate, but also capitalization rates for different SPS levels. Specifically, given the information about policy support intensity, it permits the estimation of average and marginal outcomes that correspond to each specific value (level) of support intensity. The latter property has very important policy implications, as it allows the effectiveness of the SPS to be assessed at various intensity levels. Such disaggregated results cannot be obtained by employing the traditional regression techniques or the binary propensity score matching methodology, regression discontinuity design, and so on, unless an almost perfect database is available for a large number of farms receiving the SPS at each possible intensity level, as well as for appropriate control groups. Clearly, this situation is not the case in the European Union.
V. EMPIRICAL ANALYSIS Data Sources and Variable Selection
The main source of the data we employ in the empirical analysis is the Farm Accountancy Data Network (FADN); this data is compiled and maintained by the European Commission. The FADN is a European system of farm surveys that take place every year and collect structural and accountancy information on E.U. farms, such as farm structure and yield, output, inputs, costs, subsidies and taxes, income, and financial indicators. The FADN data is unique in the sense that it is the only source of harmonized (the bookkeeping principles are the same across all E.U. member states) and representative farm-level microeconomic data for the whole European Union. Farms are selected to take part in the survey based on stratified sampling frames established for each E.U. region.
Before cleaning and censoring the data, the balanced panel contained 19,000 farms covering four years (2004) (2005) (2006) (2007) and the 15 member states in the EU-15. The choice of the period 2004-2007 was determined by the availability of data and by the attempt to cover the period before (i.e., 2004) and after (i.e., 2007) the introduction of the SPS. We have excluded the new member states from the sample (which joined the European Union in 2004 and 2007) because they implemented a different area payment system. Furthermore, we excluded all those farms that received SPS payments higher than €10,000/ha and paid more than €3,000/ha for land rent. 18 The above data cleaning resulted in the retention of 16,428 farm observations, which represent the full sample in our estimations.
The dependent variable-difference in the farmland rental rate paid by each farm between 2004 and 2007-is constructed from the FADN data. 19 Taking the difference between the land rent of farm i in 2004 (prior to the SPS introduction) and 2007 (after a full implementation of the SPS) reflects the rental price change over a three-year period after the SPS introduction. Differentiating the series allows us to eliminate the unobservable regional farm-specific fixed effects and thus to reduce the region-dependent endogenous component from the rental values and farm-level covariates, which is likely correlated with the SPS value. Similarly, the SPS variable, T, is constructed from the FADN data. 20 The selection of farm-level covariates is based on the condition that they simultaneously affect both the outcome (land rental price) and the intensity of the received SPS level. As discussed above, both farm productivity and the actual realized income signifi- 18 The rental costs in the FADN data include not only farmland rents, but also rents for buildings and other rental charges. For this reason, we attempted to correct this data problem by excluding from the sample farms with rents higher than €3,000/ha, because high-value rents likely represent rental for buildings. The magnitude of the estimated effects is of the same range also without censoring the sample. 19 The FADN data does not report the rental rate for farmland directly. However, it reports the total amount of rent paid for the rented land (SE375), and the total rented area under a tenancy agreement for a period of at least one year (SE030). By dividing the total rent paid by the hectares rented we construct the per hectare rental rate for each farm and each year. 20 Every agricultural farm in the FADN sample reports the total subsidies received, as well as the amount of specific subsidy type. Per hectare, payments of the SPS are obtained by dividing the total SPS amount obtained in 2007 by the total utilized agricultural area (UAA).
cantly affect farms' willingness to pay for land rent. In order to control for simultaneity bias (reverse causality), we included two farm-level covariates: the total output per family labor, X 1 , and the gross farm income per family labor, X 2 . Note that these variables also implicitly account for cross-compliance restrictions. Although farmers do not report the cross-compliance costs separately, as their direct measurement is not possible, these costs are included indirectly in farm expenses and production. They influence farm activities (including production) (e.g., cross-compliance costs related to environmental requirements are the sum of the input use effect, such as fertilizers, and production effect) both directly and indirectly.
In addition to farm productivity and income, the previous literature (Lence and Mishra 2003; Patton et al. 2008; Kirwan 2009; Ciaian, Kancs, and Swinnen 2010; Ciaian and Kancs 2012 ) also identifies farm size and land supply as important determinants for explaining the variation in farm-level rental prices. In order to control for farm-scale effects and possible changes in land supply potentially affecting rural land markets, we included the total utilized agricultural area (UAA) area per family labor, X 3 , and the economic size (measured in European size units on the basis of the European Community typology) per family labor, X 4 .
Another set of important covariates selected in the empirical analysis (expected to determine both agricultural land rental price as well as the intensity level of the SPS) comprises proxies describing (1) a farm's potential to invest/grow, (2) a farm's access to credit, (3) the role of received subsidies in increasing a farm's capacities, and (4) the importance of policy return relative to the market return. The respective covariates we constructed for capturing these effects are the total liabilities per family labor, X 5 , the ratio of total subsidies (excluding investment subsidies) to the gross farm income, X 6 , the ratio of subsidies on investment to net investment, X 7 , and the ratio of coupled subsidies to gross investment, X 8 .
The final group of covariates suggested by theoretical studies contains variables capturing the potential impact of entitlements (Section III), that is, land entitlements per family labor, X 9. Also, given that the rental price may change with the share of rented land (e.g., due to differences in incentives with respect to own and rented land, reflecting the importance of regional land structure, or due to change in rental land supply), we include a ratio of rented land to UAA covariate, X 10 .
All farm-level covariates are constructed from the FADN data and, with the exception of the number of land entitlements per family labor, X 9 (which relates to the year 2007), 21 they all refer to the year 2004 (i.e., prior to the introduction of the SPS) (see the Appendix for a more detailed description).
In order to address the issue of regional heterogeneity and specificities of land markets (Section 3), we created two subsamples of highly different countries and introduced a set of control variables. To capture empirically the variation in the SPS implementation (Section 3), the first subsample includes countries that implement the hybrid SPS model (hereafter referred to as "hybrid"). 22 The second subsample covers countries that implement fully decoupled direct payments (hereafter referred to as "decoupling"). 23 The difference between the results based on the full sample and the two subsamples will also reflect (besides the impact in variation of the SPS model and decoupling) the effect of unobservable dissimilarities in regional land market settings, the functioning of land markets, and regional structures in those countries, which were left from a subsample analysis. Comparisons of the results based on the full sample and the two subsamples are, therefore, also expected to reflect the specificity of land markets in the excluded countries, namely, France, Spain, Italy, Greece, and so forth, and differences between land markets in Scandinavia (i.e., Finland, Sweden, and Denmark).
In order to account for a possible endogeneity of the total land supply, 24 we use a ho- 21 Land entitlements were only introduced in 2005, simultaneously with SPS payments.
22 Denmark, Finland, Germany, Luxemburg, Sweden, England, Northern Ireland.
23 Germany, Luxemburg, United Kingdom. 24 Studies have shown that land supply elasticity may affect the actual capitalization of the SPS. In the case when land rents are affected by the SPS (e.g., surplus entitlements and cross-compliance costs), the capitalization decreases in mogenous sample of farms (panel data) with the selection of control variables reflecting the impact of possible changes in land supply at farm level, that is, change in total area and land rented area. By including these covariates (before and after receiving the SPS), we attempt to control for possible changes in endogenous land supply, which might have occurred in all farms in our sample.
Empirical Results
We estimate the dose (SPS intensity) response (change in farmland rental price) function using parameter estimates of equation [A10] (see Appendix Tables A1-A8 ). The estimation results are reported in Table 1 and Figure 4 for the full sample and for the two subsamples. The average dose-response function (columns 2-4 in Table 1 ) shows how land rental price changes (difference between 2004 and 2007) respond to different intensity levels of the SPS per hectare (column 1). From the average dose-response function we calculate the average (columns 5-7) and marginal (column 8-10) SPS capitalization rates.
The results reported in Table 1 suggest that part of the SPS is capitalized into land rents, and that the capitalization rate of the SPS is different for different levels of the SPS per hectare. For the full sample, the marginal capitalization rate varies between -43% and 94%, whereas the average capitalization rate varies between 3% and 94% and is negatively correlated with the support level. Farms possessing low-value SPS entitlements channel a larger share of the SPS to landowners through higher land rents than other farms. Using information about the distribution of UAA (number of farms), our results suggest that in 2007 25 land supply elasticity. This is because land markets may respond to the SPS by increasing/decreasing land supply (Courleux et al. 2008) . However, this effect is expected to be rather insignificant due to the fact that the land supply elasticity is usually found to be rather low, mostly due to natural constraints. For example, based on an extensive literature review, Salhofer (2001) concludes that a plausible range of land supply elasticity for the European Union is between 0.1 and 0.4. 25 To calculate the distribution of farms we use farmlevel FADN data for 2007 weighed by their share in the total population. 
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Average Capitalization Rate of the Single Payment Scheme for Different Support Levels up to 50% (86%) of area (farms) in the EU-15 had an average capitalization rate of 10% or lower, whereas the rest of the area (farms) had a higher capitalization rate. These results are in line with the theoretical expectations. Given that the rental price change due to the SPS is region specific and the same for every farm before and after its introduction (general equilibrium effect), the capitalization rate is higher for farms possessing a lower amount of the SPS. In addition, the variation in the capitalization rate (given that the SPS is correlated with regional productivities) could also be due to regional segmentation of land markets and strong importance of local factors determining price formation (e.g., social and cultural norms and institutions). The variation in these factors may have resulted in differentiated responses of land rents to the SPS across regions (Siles et al. 2000; Rainey et al. 2005; Tsoodle, Golden, and Featherstone 2006) .
The results for countries with the hybrid model (column 6 in Table 1 ) indicate a higher average capitalization rate for different SPS intensities than for the full sample (column 5). This is consistent with the theoretical analysis, which shows that the capitalization rate of the hybrid model should be higher than that of the historical model, as capitalization decreases with the variance of the support. The hybrid model reduces the variation in the level of the SPS per hectare among farms, implying that in equilibrium the marginal effect of the SPS on land rents is larger under this model compared to the historical model. 26 An exception is the SPS lower than €70/ha (Table 1 ). This could be explained by the fact that, under the hybrid model, the SPS variation is reduced and thus there are fewer observations with low support level. As a result, the estimates may be less precise for low SPS values in the hybrid subsample. The higher capitalization for the hybrid model may also reflect differences in regional variations in land market institutions. Countries included in the hybrid subsample tend to have more flexible land markets compared to the average of the full sample, implying a stronger land market re-sponse to the SPS (Ciaian, Kancs, and Swinnen 2010) . However, in order to provide more robust results, more detailed regional data on land market institutions is required.
For the subsample of countries with full decoupling (column 7 in Table 1 ), the average capitalization rate is between that of the full sample and the hybrid subsample. The key difference between the full and the partial decoupling is that under the former more direct payments are allocated to the SPS, implying a higher level of support intensity. As shown in theoretical analysis, the SPS itself may lead to a positive impact on land rents. The actual impact depends on variation in support among farms. Given that the decoupling subsample includes both types of countries (those with the hybrid model and those with the historical model), the average capitalization rates in the decoupling subsample should be lower compared to the hybrid subsample but should be larger than in the full sample, which is consistent with the estimates reported in Table 1 .
The results on the capitalization rates for different SPS levels reported in Table 1 are not directly comparable with those available in the literature because most studies have estimated the average capitalization rate using a standard regression approach and do not report estimates for different support intensities. Our results show that the aggregate capitalization rate, which is calculated as the weighted average of average capitalization rates, is relatively low, namely, 6% for the full sample (column 5 in Table 1 ). 27 The corresponding values for the hybrid and the decoupling subsamples are 10% and 9%, respectively. Our estimates are lower than estimates on decoupled payments in the United States, according to which the capitalization rate of decoupled subsidies varies between 20% and 80% (Goodwin, Mishra, and Ortalo-Magné 2003; Lence and Mishra 2003) . The lower capitalization rate estimated for the European Union could be due to the rigidity of rental markets, which may be induced by formal and informal land market institutions and regulations. The rental market arrangements in the European Union may involve either rental 27 The total value of the SPS was used as weight.
price controls or provisions on the duration of rental contracts, in the presence of which land rents would not adjust instantly to market signals but would stay unchanged over time (Ciaian, Kancs, and Swinnen 2010) . Given that (1) our estimates reflect rental price changes over a four-year period, (2) the duration of rental contracts in some cases is longer than five years, and (3) maximum rental price interventions are applied in several member states, our estimated capitalization rate may be understated. Yet, our results are in line with the theoretical expectations (see Section III), according to which the capitalization rate may be larger than zero.
However, we must also note that we were not able to fully account for regional heterogeneity in land market institutions, as consistent regional data are not available yet. The actual actions of farmers and landowners may also be influenced by the type and intensity of social relations between farmers and landowners, and by societal norms and the cultural context (Robison and Flora 2003) . Interregional differences in social capital and informal institutions may cause differences in the capitalization rate. For example, in many southern E.U. regions, farmland transactions depend on the relationship between landlord and tenants and occur mainly between relatives or socially close neighbors, eventually resulting in lower land prices (Siles et al. 2000; Robison, Myers, and Siles 2002; Tsoodle, Golden, and Featherstone 2006) . In our analysis, we were not able to account for all factors related to social capital and informal rural institutions, as reliable data to measure them are not available. Thus, this is another reason why our estimates may be understated.
From the average dose-response values, we calculated the general equilibrium effect of the SPS. The general equilibrium effect represents changes in the rental price due to the SPS, which was the same for all farms (including those not receiving SPS). We can identify the general equilibrium effect by estimating the SPS impact on land rents for farms with zero SPS value (capitalization rate at intensity level T = 0). Although many farms do not receive the SPS, 28 they are affected by 28 Farms with zero SPS represent 4% of total farms in the overall rental price adjustment to the SPS. According to theoretical considerations, the shift from the old system of coupled payments to a new policy of decoupled SPS should be negative if indeed they were capitalized into land rents (Section 3). Additionally the general equilibrium effects may reflect the impact of the cross-compliance. According to theoretical analysis, the cross-compliance costs reduce the SPS capitalization irrespective of whether land is used for entitlements activation or not (Section 3). The cross-compliance regulations are the same across the European Union and do not depend on the level of the SPS. The estimates reported in Table 1 (columns 2, 3, and 4), indicate that the rental prices decreased by €23, €39, and €38/ha for farms with zero SPS for the full sample, the hybrid, and fully decoupled subsamples, respectively. This represents 7% to 12% of the average SPS per hectare in the EU-15. 29 These results suggest the importance of crosscompliance effect or/and an initial decapitalization of the previous subsidies due to the introduction of the SPS. Hence, our empirical results are in line with the theoretical hypothesis, which says that that cross-compliance may reduce rents and/or that a switch from coupled payment system to the SPS should result in lower rents for farms with zero SPS.
In general, our findings are in line with previous studies on decoupled subsidies, which find that decoupled subsidies affect rental prices. This can be explained by the fact that decoupled subsidies are often land based, conditioned on other policy measures, and interact with farm characteristics (e.g., farm credit constraint) (Goodwin, Mishra, and OrtaloMagné 2003; Lence and Mishra 2003; Roberts, Kirwan, and Hopkins 2003; Kirwan 2009; Ciaian and Kancs 2012; Barnard et al. 1997; Patton et al. 2008) . Our estimates contrast somewhat with the estimates of Kilian et al. (2012) , according to which the SPS increases the capitalization by an additional 15% to 19% above the previous coupled subthe full sample and 0.5% in the hybrid and the decoupling subsamples. 29 In principle this figure (adjusted by the cross-compliance effect) should reflect the capitalization rate of previous coupled payments.
sidies. However, given that Kilian et al. (2012) use traditional estimation techniques (OLS and IV) and only one cross-section of data, they are not able to control for important econometric issues such as endogeneity, general equilibrium effects, and selection bias, implying that their estimates might be biased.
Based on the estimated SPS incidence for the full sample (column 5 in Table 1) and on farm-level FADN data on land renting and the SPS values for 2007, we have calculated the aggregate capitalization rate and nonfarming landowner gains from the SPS by farm size, by member state, and for the EU-15. We use the estimates from the previous section to calculate the capitalization rates by member state, as the estimation by member state was not feasible with the GPS approach due to insufficient number of available observations. The capitalization rate represents the SPS gain for all landowners (both farming and nonfarming), whereas nonfarming landowner gains represent policy benefits only for those landowners who are not involved in farming. The results reported in Table 2 show that the share of the SPS channeled either to farms or to nonfarming landowners was relatively low. On average, 7% 30 of the total SPS (column 9) was channeled to landowners through higher rental prices in the EU-15. Nonfarming landowners gain only 4% of the SPS, because farmers in the EU-15 own a substantial share of land (69% of UAA, column 5). The relatively small SPS leakage to landowners is because farms with a high-value SPS entitlement per hectare have lower capitalization intensity than those with a low-value SPS entitlement per hectare, implying that the former significantly offsets the latter when calculating the SPS-weighted average capitalization over all farms. However, due to the higher share of land renting (columns 10-12 and 14-16), large farms lose a higher share of the SPS than small farms.
The largest leakages of the SPS to landowners (18%) were found in Portugal, due to the relatively low SPS value per hectare, followed by Finland, Sweden, Spain, Austria, 30 Note that the slight difference between this value and the aggregate capitalization rate reported in Table 1 is due to the difference in sample sizes. 
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Note: The capitalization rates are constructed using estimates from Table 1 column (5). The values for land renting, SPS/ha, capitalization rate, and nonfarming landowners gain are weighted averages over all farms in the 2007 FADN sample. For land renting, utilized agricultural area (UAA) is used as the weight; for the rest of the variables, the value of SPS is used as the weight. The weights account also for the number of farms each farm represents in the total population.
France, and United Kingdom, where around 8% to 9% of the SPS flows to landowners. In Greece the leakages were the smallest due to the relatively high SPS value per hectare: only 4% of the SPS is channeled to landowners (column 9). Furthermore, the results suggest that taken together, the EU-15 capitalization is greater for large farms than for small farms (columns 10-12). However, at country level the results are more diverse. In some countries large farms channel more (e.g., Austria, Greece, Spain, Portugal), whereas in some other countries small farms channel a larger share of the SPS to landowners (e.g., Finland, France, Luxemburg, United Kingdom). In other member states the differences between small and big farms are minor (e.g., Belgium, Denmark, the Netherlands, Ireland, Italy, Sweden). Clearly, the main driver for the nonfarming landowner's gains from the SPS is the share of rented land in the overall UAA. Countries with a high share of rented land tend to channel a larger share of the SPS to nonfarming landowners (e.g., France) than countries with low farm rental (e.g., Denmark, Ireland) (column 13). At the same time, in most countries the leakage of the SPS to nonfarming landowners was positively correlated with farm size (columns 14-16) because land rental is more widespread in the former group of farms (columns 6-8).
Policy Implications
Our findings have important policy implications. First, our results are important in the context of the WTO trade liberalization agenda. Following the WTO agenda, many countries (including the European Union) decoupled their agricultural subsidies with the aim of reducing the distortionary impact on the world market (Meléndez-Ortíz, Bellmann, and Hepburn 2009). In the European Union the 2003 CAP reform replaced the previous subsidy system linked to the level of animal production and crop land use (so called coupled subsidies). Several studies, however, find that even decoupled subsidies may still affect farms' production decisions and factor allocation and thus may not be fully in line with the WTO requirements (Lagerkvist 2005; Ahearn, El-Osta, and Dewbre 2006; Goodwin and Mishra 2006; Vercammen 2007; Key and Roberts 2009; Whitaker 2009; Ciaian and Swinnen 2009; Bhaskar and Beghin 2010; Carpentier, Gohin, and Heinzel 2012) . Our results confirm these findings: the decoupled SPS induces distortions in factor markets through altering farmers' land marginal decisions (reflected through their impact on land rental prices).
Second, a better understanding of the SPS capitalization into land rents, and hence the leakage of farm subsidies to landowners (in many cases nonfarmers), provides important insights to policy makers about the effectiveness and efficiency of the CAP subsidies. The SPS capitalization is of particular relevance in the context of the EU-15, where on average 31% of agricultural land is rented (the share of rented farmland varies between 13% in Ireland and 75% in France). Empirical knowledge about the SPS incidence provides policy makers with important information on how the benefits of a given agricultural policy are shared between farmers and factor owners.
Finally, given that large farms tend to rent more farmland than small farms, the SPS may have differentiated income effects across farms. This implies that the income effect of the SPS also differs considerably between farm types and E.U. countries.
VI. CONCLUSIONS
This paper studies the capitalization of the SPS into land rents. First, we theoretically analyze how the SPS affects the land market and land rents. The theoretical analysis suggests that the capitalization may vary from a full to negative rate, and that it decreases with the variation in the entitlement value among farms. Furthermore, because of farm heterogeneity and because of various factors interacting with the SPS, the capitalization rate will be different for different levels of the SPS intensity.
In the empirical analysis, we use a unique farm-level panel data set for E.U. member states and employ the GPS matching approach for estimating the capitalization of the SPS.
The application of the GPS matching estimator for the assessment of the impact of the SPS on the land rental price allows a less biased and more precise estimation of the average and marginal effects of the SPS, compared with traditional estimations based on the standard regression techniques or with the binary propensity score matching.
Our results suggest that, on average in the EU-15, 6% to 7% of the SPS is capitalized into land rents (varying from 4% in Greece to 18% in Portugal), implying that, in general, landowners do not absorb much of the SPS. However, there is a considerable variation in the capitalization rate for different SPS levels: low-value SPS is capitalized more than highvalue SPS. Farms with low-value entitlements channel a substantially higher share of the SPS to landowners than farms with high-value entitlements. The capitalization rate varies between 11% and 94% for the SPS smaller than €200/ha. For high-value SPS (i.e., SPS greater than €200/ha), the capitalization rate is considerably lower, between 3% and 11%. Furthermore, our results indicate that the hybrid model and full decoupling of previous subsides lead to a higher capitalization rate, which is consistent with the theoretical hypothesis.
Our results suggest that implementation of the SPS is largely in line with the policy objective of improving income and the standards of living of the agricultural community. This is because the SPS capitalization rate into land rents and its leakage rate to nonfarming landowners are relatively low (although, in absolute terms, the value of the leakage to nonfarming landowners is not negligible). In 2011, the total value of the SPS represented around €30.4 billion in the EU-15 (EUR-Lex 2011). If we consider the 4% leakage rate of the SPS to nonfarming landowners (Table 2) , around €1.22 billion was channeled outside the farming sector. However, the effectiveness of the SPS is highly heterogeneous and varies substantially depending on the applied intensity level and renting pattern. Farms owning low-value SPS have a higher leakage rate of subsidies to landowners than farms owning high-value SPS. Moreover, the leakage rate was much larger for big farms than for small farms due to differences in land renting patterns. Clearly, empirical knowledge of SPS incidence provides policy makers with information on how the benefits of a given agricultural policy are shared between farmers and the nonfarming community and thus help to better assess the effectiveness of such a policy.
Our results are consistent with the literature, emphasizing that even decoupled subsidies may distort agricultural markets and thus may not be fully in line with the WTO priorities to reduce policy distortions on world markets. According to our findings, the decoupled SPS induces distortions in input markets through altering farmers' land marginal decisions (reflected through their impact on land rental prices). However, the actual production effect caused by the induced land use changes cannot be derived from our results; this analysis is beyond the scope of this paper. Its effect is likely to be limited due to the low elasticity of land supply estimated in the literature for E.U. countries (Salhofer 2001) . At the same time, our results lend support to the E.U. policy for the decoupling of CAP subsidies. Our findings indicate that the introduction of the SPS may have led to a decapitalization of coupled subsidies, implying that distortions in the land markets were actually reduced, if compared to the capitalization of the previous coupled subsidies.
Our results are subject to several limitations. The presence of long-term rental contracts implies that we may not have been able to fully capture long-term adjustments in land rents using data for only four years. Our estimates are also affected by regional heterogeneity, for example, differences in social capital and informal rural institutions, which we were not able to fully control for in our estimations. Additionally, covering the first implementation years of the SPS, when the familiarity with the new subsidy system may not have been fully realized by market agents, could have affected the actual capitalization rate of the SPS. These issues are a promising avenue for future research and should be addressed as soon as more data become available.
APPENDIX GPS Approach
In order to estimate the average capitalization rate (ACR) and the marginal capitalization rate (MCR) of the SPS, the GPS requires that for each observation i we observe the support (SPS) intensity received, T i , the outcome variable (land rent) corresponding to the received level of support, Y i (T i ), and a p-vector of covariates X i . The ACR and MCR can be derived from the average dose-response function (ADRF), μ(t), and the derivative dose-response function (DDRF), v(t), respectively: 31
where Y is the potential effect on land rental price, t represents the potential SPS values, and T -is a continuous set of potential support values, where t T -and
For farm i the corresponding set of po-
, where Y i (t) is a unit-level dose-response function of outcomes that maps the particular potential support, t, to the potential outcome, Y i (t), (outcome function of the potential support intensity). Using the estimated average dose-response function, μ(t), we can calculate the ACR and MCR of the SPS:
where both ACR and MCR are evaluated at a representative point for each support interval, t.
31 The dose-response function measures the relationship between the exposure to the SPS as the cause and potential rental price outcomes as the effect. The ADRF captures the entire function of the average potential rental price outcomes, Y i (t), which gives the average potential outcome at every possible level (or dose) of the SPS, t. Given that the ADRF provides information about the estimated average rental price outcome corresponding to the specific level of the SPS, the potential outcome, which relates to zero support level, t = 0, describes the magnitude of general equilibrium effects, that is, it shows the extent to which farms that have not received any SPS were affected by it. The general equilibrium effect represents the change in capitalization of previous coupled subsidies relative to the SPS, as we capture the periods before and after the implementation of the SPS (see Section V).
Empirical implementation of the GPS approach (Hirano and Imbens 2004; Bia and Mattei 2008) consists of three main steps.
The first step involves the estimation of the GPS as a conditional density of SPS support given the covariates. This step consists of several routines. Firstly, we assume that the support (or its transformation) has a normal distribution conditional on covariates. The estimation of parameters of the support function, g, (conditional distribution of support) is conducted using the maximum likelihood estimator.
where X i is an observed vector of presupport covariates for each unit i in the sample, g(T i ) is a given transformation of the support variable, and is h(γ,X ) i a function of covariates with linear and higher-order terms that depends on a vector of parameters γ.
Second, the validity of the assumed normal distribution is assessed using Kolomogorov-Smirnov, Shapiro-Francia, Shapiro-Wilk, or skewness and kurtosis tests for normality.
Third, the GPS, or , function is estimated. Thê R i returns the conditional density of the actual support R i intensity given the observed covariates. Finally, we test the balancing property of the estimated GPS function:
• We divide the set of support values (i.e., support intensity) into k intervals.
• Within each support interval k, we calculate the median intensity and compute the GPS at this representative point.
• We subdivide the values of the GPS evaluated at the representative point of each support interval into j blocks.
• For each block j of the GPS scores and within each interval k we calculate the mean difference of each covariate between units that belong to the support interval and units that belong to another support interval but are in the same GPS interval.
• Next we combine the differences in means calculated in the previous step, by using a weighted average with weights given by the number of observations in each GPS interval.
• For each computed difference we perform a t-test, which indicates whether the mean difference of each covariate between units that belong to the given support interval k is statistically different from the mean difference of units that belong to another support interval but are from the same GPS block. If the mean differences for a given covariate are statistically significant this would imply that for this specific variable the estimated GPS was not able to completely eliminate a selection bias (although some reduction of bias could have been achieved).
The second step in the GPS approach involves the estimation of the SPS impact on land rental price using a flexible function (polynomial approximation) of T i and R i :
where ψ i is farmland rental rate and α is a vector of parameter estimates. Estimating equation [A8] allows us to find the appropriate functional relationship between the impact indicator (land rental price) and the intensity of support, T, and the estimated values of GPS at the first stage, R, for each farm i, on the other. While R controls for potential selection bias and endogeneity into support intensities, we anticipate that respective parameters (α 4 to α 6 ) will be statistically significant.
The third and final step in the GPS involves estimation of the average potential outcome for each potential level of support t and the entire dose-response function:
where is the vector of the estimated parameters in
The average response at each t is estimated as the average of the estimated conditional expectations averaged over the distribution of thê β{t,r(t,X )} i presupport covariates X i , that is,β{t,r(t,X )} = i , which equals the average − 1ˆφ [ψ{t,r(t,X ) ;α}] i value of the estimated regression function over the score function evaluated at the desired level of support. In order to obtain estimates of the entire doseresponse function, the estimation of the average potential outcome is repeated for each level of support. At the end, we estimate the rental price response for all levels of support intensity, t, which allows us to calculate the ACR and MCR (equations [A3] and [A4]).
Description of Covariates
Given that agricultural productivity is one of the key determinants of farmland rental rates, we include the variables total output per family labor (X 1 ) and gross farm income per family labor (X 2 ). The total output per family labor covariate is constructed by dividing the total of output of farm (SE131) by the total family labor (SE016). The gross farm income per family labor covariate is constructed from the FADN variable SE410 and represents farm income net of variable costs. The first variable is a proxy for productivity, whereas the latter one accounts for profitability.
To account for scale effects we consider variables UAA per family labor (X 3 ) and economic size per family labor (X 4 ). The total UAA per family labor covariate is constructed from the FADN variable total UAA of the holding (SE025), which we divide by total family labor (SE016). It consists of land in owner occupation, rented land, and land in share cropping. The economic size per family labor covariate is constructed by dividing the FADN variable SE005 (the economic size of holding expressed in European size units on the basis of the European Community typology) by the FADN variable SE016. In order to account for farm access to credit, in the estimation we also include the total liabilities per family labor covariate, X 5 , (i.e., total liabilities, SE485, divided by family labor). Total liabilities include long-, medium-, and short-term loans. We construct a variable of the ratio of total subsidies (excluding investment) to gross farm income (X 6 ) by dividing the FADN variable subsidies on current operations linked to production (not investments) (SE605) by the gross farm income (SE410). The ratio of subsidies on investment to net investment covariate (X 7 ) is constructed by dividing subsidies on investments (SE406) by net investment on fixed assets (SE521). The ratio of coupled subsidies to gross investment covariate (X 8 ) is constructed by dividing the sum of FADN variables SE610 (total subsidies on crops) and SE615 (total subsidies on livestock) by the FADN variable SE516 (gross investment on fixed assets = purchases − sales of fixed assets + breeding livestock change of valuation). The land entitlements per family labor covariate (X 9 ) is calculated by diving the FADN variable L470I (quantity of entitlements for payments under SPS) by the FADN variable SE016. Finally, we include the ratio of rented land to UAA covariate (X 10 ). The variable is calculated by dividing rented UAA (SE030) by UAA (SE025).
Specification Tests
The conditional distribution of support intensity (support function) given farm-specific covariates (equation [A5] ) is estimated with the SPS intensity level, T, per farm as the dependent variable, and covariates, X 1 to X 10 , as arguments. Since the empirical distribution of the SPS is highly skewed, it was transformed by taking logarithms, and the support function is estimated by applying the maximum likelihood estimator to the transformed log function. The estimation results are reported in Table A1 for the full sample and Table A5 for the two subsamples: the hybrid and the fully decoupled subsamples.
The results suggest that the conditional distribution of the SPS is clearly explained by the selected covariates. Most of the covariates (including the constant) exert a significant impact on support intensity at a significance level of 10%, yet some differences in the significance of individual covariates are visible between the full sample and the two subsamples.
In order to assess the validity of the assumed normal distribution, we perform normality tests. The test results for the normality of disturbances (STATA skewness and kurtosis test for normality) confirm that after log transformation the assumption of normality is statistically satisfied at a 5% significance level.
Given the farm-specific information, T i , covariates, X i , and parameters estimated in the previous step, the value of the GPS, R i , for farm i, is calculated (evaluated) as a conditional density of the actual support intensity given the observed covariates (see equation [A6] ).
The applicability of the GPS in the estimation of the dose-response function depends on whether the included covariates are well balanced. Farms that received different SPS payments are not directly comparable because they may systematically differ in terms of observable characteristics, X i . The GPS eliminates (reduces) potential econometric problems and removes bias (e.g., selection bias) associated with differences in covariates by balancing the groups of farms. The GPS calculates a balancing score, which is a function of the observable covariates, X i , such that the conditional distribution of X i , given the balancing score, is the same for all farm groups, independent of the level of the treatment, SPS, intensity. Balancing property ensures that, once controlling for the observable characteristics of different groups of farms, at each value of the balancing score the distribution of covariates X i is the same, independent of the treatment, SPS, intensity. Therefore, in the next step we investigate whether the underlying GPS specification is adequate, that is, whether it balances the covariates. In order to implement the balancing property tests, the range of support intensity is divided into four SPS intervals (k = 4), t 1 to t 4 (see Table A3 for   the full sample and Table A7 for two subsamples). The summary statistics of the GPS distribution calculated at mean points for each support interval is shown in Table A2 for the full sample and Table A6 for subsamples. The results demonstrate that, building on the conditional density of receiving the SPS and given the covariates, the GPS values calculated for all support intervals differ considerably, the lowest being in support group 1, that is, in a group where the obtained level of the SPS was less than 35 €/ha, and the highest in support group 2, that is, the SPS ranged between 35 and 900 €/ha. Furthermore, the values of the GPS evaluated at the representative point for each support interval (median) are subdivided into three intervals, which are defined by quintiles of the GPS.
Balancing tests using t-statistics are carried out to assess whether observations on farms with the same GPS score have the same distribution of observable covariates independent of treatment status (i.e., SPS intensity). In other words, we test if the conditional mean difference of each presupport covariate given the generalized propensity score is not different between farms belonging to a particular support interval and farms belonging to all other support intervals. Balancing tests are performed for each single variable included in the list of covariates, X 1 to X 10 , and each mean support interval, t 1 to t 4 . For each GPS block we test whether the mean difference of variables for farms belonging to the particular SPS intensity level are significantly different from those of farms with a different intensity level of support, but with the same GPS level.
The t-test results for each of the 10 covariates and each of the four groups of intervals are reported in Table A3 (for the full sample) and Table A7 (for subsamples). The results of the two-side t-tests show that in all support intervals the balancing property is satisfied at a high significance level (5% for the full sample and 20% for both subsamples). This implies that, given the estimated generalized propensity scores, the means of the covariates used for the estimation of support effects do not differ significantly across various groups of farms with different levels of support.
Following equation [A8], the conditional expectation of the outcome indicator Y, change in land rent in 2007 relative to 2004, is specified as a flexible function of its two arguments, T i and GPS, R i (i.e., a polynomial of a linear function of T i and a cubic function of R i ):
[A10]
The coefficients of model [A10] are estimated by ordinary least squares (OLS) using the observed T i and the estimated GPS (R i ) from the previous steps. The estimation results are reported in Table A4 for the full sample and in Table A8 for subsamples. According to Hirano and Imbens (2004) , the estimated coefficients do not have a direct interpretation, except that they serve to test whether all coefficients involving the GPS are equal to zero and can be interpreted as a test of whether the covariates introduce any bias.
Our results suggest that all coefficients involving the estimated GPS (linear, square, and cubic terms) are statistically significant. This implies that the sample selectivity and endogeneity are important and that the GPS estimation is relevant and significantly reduces them in the estimated response function. 
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